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Abstract
In this paper the possibility of using transients to survey a complex transmission system in the city of Mantova, Italy is explored.
Transients are generated by pump trip, and the pressure signal is acquired immediately downstream of the pumping station. The
pressure signal is analyzed by the wavelet transform to locate the main singularities and evaluate the pressure wave speed of the
main pipe. Then a lagrangian model is carried out to evaluate the causes of experimental pressure variations. The comparison
between experimental and numerical traces allows checking the eﬃcaciousness of the procedure and diagnosing the network.
c© 2014 The Authors. Published by Elsevier Ltd.
Peer-review under responsibility of the Organizing Committee of WDSA 2014.
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1. Introduction
In the transmission mains (TM), transient test-based techniques (TTBTs) can be used as a tool to check their
condition; TTBTs analyze pressure waves generated by a maneuver and reﬂected by singularities, measuring the
pressure signal during a short duration transient test. The traditional methods are not so reliable in transmission
mains; for example, the acoustic methods that has been historically used for leak detection present some problems
in TM, since TM tend to be buried more deeply, and in less accessible locations than distribution system. On the
contrary TTBTs are really attractive for two main reasons: their very short duration with signiﬁcantly reduces both
the interference with the regular functioning of the system and personnel costs, and the possibility of using only
pressure measurements. In fact, they have been also checked with quite good results on more complex laboratory
pipe systems [e.g., 2–4,11,12], as well as in real TM [e.g., 6,13]. This paper concerns the use of TTBT in a real TM
in the city of Mantova (Italy), managed by Tea Acque S.r.L. Pressure waves exploring the system are generated by a
pump trip. The acquired pressure signal is analyzed by the wavelet transform (WT) and a Lagrangian model (LM)
simulating pressure variations is used to evaluate pipe pressure wave speeds by an optimization procedure based on
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Fig. 1. Mantova water pipe system with the Villanova pumping station highlighted
a micro genetic algorithm. Comparison of the WT of the signal and the LM numerical response allows checking
the system topology. This procedure has been already used by the Authors to check the topology of a real supply
pipe system in the city of Rieti (Italy) and verify the actual opening degree of an in-line valve [10] and pre-localize
anomalies in a complex transmission-distribution system in the city of Milan (Italy) [1].
2. Field test
Field tests are executed in a part of the pressure pipe system of the city of Mantova, Italy (Fig. 1). The examined
metallic pipe system is supplied by the Villanova pumping station (Fig. 2), managed by Tea Acque S.r.L. The six
pumps convey water from a tank into the system and the check valves are installed immediately downstream of the
pumping group. For the sake of clearness, in Fig. 3 the main pipe is highlighted by a bold black line, the main
connections as well as the pumping station node are numbered and in Table 1 the principal characteristics of the
system are indicated, with L and DN being the pipe length and nominal diameter, respectively. It can be noticed that
in junction 4 there is not only a change in material but also a connection to a branch not managed by Tea Acque
S.r.L. The unique known characteristic of such a branch is the nominal diameter (DN150) and the material (steel).
Moreover, after junction 6 (a Y junction between two DN400 cast iron and one DN300 cast iron pipes) and 7 (a Y
junction between three DN400 cast iron pipes) the distribution system begins (Fig. 3). Consequently the analysis of
data is carried out up to such junctions.
Table 1. Principal characteristics of the main pipe of the Villanova system (1: pumping station).
initial node end node L (m) DN (mm) material
1 2 775.3 600 steel
2 3 1631.2 600 cast iron
3 4 71 600 steel
4 5 1878.1 600 cast iron
5 6 284.4 400 cast iron
5 7 1592.3 400 cast iron
During tests, pressure signal is measured immediately downstream of the check valve by means of piezoresistive
transducer with a full scale of 60 m sampled at a frequency acquisition of 1000 Hz. Two transient tests have been
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Fig. 2. Pumps in the Villanova pumping station
Fig. 3. The examined pipe system
carried out generated by a pump trip (tests no. 1) and switching on (test no. 2), respectively. The pressure signals,
HE , acquired during tests no. 1 and no. 2 are reported in Fig. 4a and 4b, respectively (the maneuver begins at t = 0,
and the subscript E indicates the experimental data). In the following only the pressure signal acquired during test no.
1 is analyzed, since this is less noisy and the duration of pressure oscillations is larger.
3. Methodology
In the proposed methodology, a preliminary network survey allows evaluating the pressure wave speed, a, of all
pipes of the system on the basis of their geometrical and mechanical characteristics. To obtain more reliable values of
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Fig. 4. Experimental pressure signal, HE , during a) test no. 1 (pump trip) ; and b) test no. 2 (pump swathing on).
a, an optimization procedure has been followed, based on a micro genetic algorithm (GA): the analysis of HE by WT,
that allows detecting singularities [5,8,9] is coupled with a Lagrangian Model (LM), which allows capturing the main
characteristics of the pressure signal and evaluating the causes of its discontinuities. LM is based on the solution of the
diﬀerential equations governing frictionless transients in pressurized pipe systems [14] and assumes an instantaneous
maneuver; it follows the wave generated by the maneuver and its interactions with the successive discontinuities (i.e.,
junctions, leaks, partially closed in-line valves ...); it records the paths of the reﬂected and transmitted pressure waves
and their arrival times at any node. Speciﬁcally, the LM identiﬁes which waves pass the measurement section and
calculates the instant of passage. Such time instants are compared with those pointed out by WT for each singularity.
In fact, WT chains expose singularities in the pressure signal and then allow identifying the passage of waves through
the measurement section. Possible anomalies correspond to the instants of time highlighted by WT but not by LM.
The evaluation of the entity of such anomalies by means of LM is not reliable because of the omission of the friction
term as well as the assumed instantaneity of the maneuver.
4. Results
In this paper the analysis of the pressure signal has been carried out by means of WT (Fig. 5b). The WT points out
discontinuities, indicated by dash dotted lines in Fig. 5b. The ﬁrst one at the time instant t = 0 s is due to the maneuver.
Interpretation of the others is made by the comparison with the LM, which needs reliable values of a. Such values have
been calculated by an optimization technique which minimizes the diﬀerence between numerical and experimental
pressure variations. In the LM approach this means that the better the agreement, the better the evaluation of pressure
wave travel time and then a. In the optimization process, the Nash-Sutcliﬀe model eﬃciency coeﬃcient is used. The
optimal values of the pressure wave speeds have been determined by a novel heuristic procedure carried out by GA,
for each value of pipe diameter [7]. Speciﬁcally, the maximization of the Nash-Sutcliﬀe model eﬃciency coeﬃcient is
obtained by the Genetic Toolbox of MATLAB c©. The GA has been carried out for 100 generations with a population
composed of 20 individuals with a crossover percentage equal to 0.8. At the ﬁfty ninth generation, the GA provides
the pressure wave speeds for all the pipe diameters. The values of pressure wave speed – compatible to pipe materials
– vs. pipe diameters are reported in Fig 6. In order to associate more eﬃciently pressure discontinuities (which cause
chains of extreme values of the WT) to network singularities (which determine pressure waves in the LM) the impulse
response function carried out by the LM is compared with the WT coeﬃcients. The impulse response function of the
LM is shown in Fig. 5c.
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Fig. 5. a) Experimental pressure signal, b) time-history of wavelet coeﬃcients (in gray) and relative chains of local extreme values (dash dotted
black lines), c) impulse response function carried out by the LM.
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Fig. 6. Pressure wave speed, a, vs. nominal diameter, DN.
To better analyze the wavelet analysis results and compare them with numerical data, in Fig. 7 the time interval
from 4.4 s to 11 s of Fig. 5 is evidenced. The discontinuities in the pressure signal at the instants 4.42 s, 4.58
s, 7.86 s, 8.67 s, and 10.74 s (Fig. 7b) are ascribed by the LM to the wave reﬂected by nodes 3, 4, 5, 6 and 7,
respectively (Fig. 7c). However, in the WT there are some chains of extreme values that can not be associated to any
wave. Because only a measurement section has been installed, such a failure in the procedure can be ascribed to three
main problems. First, no information is available regarding the branch with nominal diameter DN150 downstream of
junction 4 since it is not managed by TEA Acque S.r.L.; second, the distribution system downstream of junction 6
has been not simulated. Consequently, after junction 6, the chains of WT can be possibly ascribed to such a part of
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Fig. 7. a) Experimental pressure signal, b) time-history of wavelet coeﬃcients (in gray) and relative chains of local extreme values (dash dotted
black lines), c) impulse response function carried out by the LM in the case all terminals are closed in the time interval 4.4 s ≤ t ≤ 11 s .
the distribution system. Finally, for a given arrival time of a pressure wave at the measurement section, several paths
can be assumed and then the uniqueness of the solution in terms of singularity location is not assured unless several
measurement sections are activated.
5. Conclusions
In this paper the topology of a transmission main is checked by acquiring the pressure signal at one measurement
section. The wavelet transform allows analyzing the signal and locating its discontinuities; moreover, a Lagrangian
model is carried out to evaluate the causes of experimental pressure variations. In order to calculate the pressure wave
speeds, an ad-hoc optimization procedure developed by means of a micro genetic algorithm is performed coupling the
LM and the WT. The main junctions of the system have been highlighted. More reliable results could be achieved by
closing the branch not managed by TEA Acque S.r.L. as well as simulating part of a distribution system. Moreover,
further measurement sections could allow a more reliable diagnosis.
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